We aimed at assessing time shift in the severity of neuropsychiatric symptoms (NPS) , and more severe in residents with a CDR sum of boxes score >16. Higher CDR sum of boxes scores and use of psychotropic medication were associated with more severe apathy, agitation, psychosis, and affective symptoms. Poor physical health was associated with more severe apathy, psychosis, and affective symptoms. Women had more severe agitation and less severe affective symptoms than men. A longer stay in a nursing home was associated with more severe agitation and less severe affective symptoms. In conclusion, agitation was less severe in 2010/2011 than in 2004/2005 among nursing home residents with a milder degree of dementia, and more severe in residents with severe dementia.
Introduction
Dementia is common among aged populations [1, 2] , and almost all people with dementia will experience some type of neuropsychiatric symptoms (NPS) during the course of a dementia disorder of any aetiology [3] . NPS, also called 'behavioural and psychological symptoms of dementia', include psychiatric symptoms such as delusions, hallucination, depression, anxiety, and euphoria, as well as behavioural symptoms such as agitation, aggression, apathy, and disinhibition.
NPS are linked to the underlying brain disease causing dementia, and the symptoms appear to be a consequence of multiple, interacting internal and external risk factors [4] , i.e. individual factors (such as age, gender, marital status, physical functioning, and physical health) and environmental factors (such as the type and degree of assistance). The relationship between NPS and these factors, the disease itself (including the degree and type of dementia), and the use of psychotropic medication is not fully understood [4] [5] [6] [7] [8] .
NPS contribute to a feeling of distress and discomfort in people with dementia and are associated with poorer quality of life [9, 10] . Furthermore, these symptoms tend to increase depression and the burden to informal family and formal caregivers [11] , and increase the cost of care [12] . NPS are considered one of the leading causes of institutionalization for people with dementia [13] and are among the most significant challenges in dementia care [4] .
In recent years, person-centred care has been implemented in Norwegian nursing homes in order to increase the quality of dementia care and to prevent and reduce NPS [14] . The framework for person-centred care includes valuing people with dementia, providing individualized care, and understanding the world from the demented person's perspective and providing a social environment that supports the needs of the person with cognitive impairment [15] . Care is based on principles of human rights such as respect, dignity, and having genuine choices [14, 16, 17] .
However, psychotropic medications are currently one of the most commonly deployed management strategies. Such drugs often have sub-optimal risk-benefit profiles and may not have an impact on some of the most frequently occurring symptoms [4] . These drugs are associated with an increased risk of adverse events in people with dementia [18] . It is recommended that non-pharmacological therapies and behavioural management are the first-line treatment [19] , but the evidence for such treatment is still uncertain [20] .
In Norway, as in other Western countries, a large proportion of nursing home residents suffer from dementia [21] [22] [23] [24] [25] , and NPS are highly prevalent among these residents [26] . A recent review based on 7 follow-up studies found the prevalence of NPS relatively unchanged during follow-up, but the persistence, incidence, and cumulative prevalence varied considerably between the studies [26] . The frequency and severity of most NPS are associated with more severe dementia, but the number of studies is limited and the results concerning affective symptoms in relation to the severity of dementia are inconclusive [5, 6, [26] [27] [28] [29] . However, no studies have compared the severity of NPS in samples of nursing home residents over time in the same country [5, 6, 26, 27] . Even if more studies from the same country or region exist, they may not have used the same methodology and assessment tools, which makes a direct comparison difficult. Thus, it is a moot question whether the severity of NPS in nursing home residents is stable over time. It is vital for policy makers and health planners to have access to comparable studies on the severity of NPS among nursing home residents over time, since such information may give national health care planners important tools to help organize care.
The aim of this study was to compare the severity of NPS sub-syndromes between two large cross-sectional samples of nursing home residents (2004/2005 and 2010/2011) in
Setting and Participants
In total, Norway has 40,000 nursing home places (beds) [31] for a population of about 5 million, with about 14% (700,000) aged 65 years or older [32] . The jurisdiction for public health care services lies within the local municipalities, and the local authorities offer social services (such as housing and home services), in-home nursing and institutional care (mainly in nursing homes), and both long-and short-term care and rehabilitation.
Residents with a stay of at least 14 days were eligible for inclusion in both samples [30] . In 2004/2005, residents in 26 nursing homes in 18 municipalities were approached. This was a selection made to reflect the distribution of small, medium, and large municipalities. In all, 1,165 residents were eligible for inclusion, and only 2 declined to participate. In 2010/2011, residents in 24 of the 26 nursing homes from the previous sample were approached again, in addition to residents in 40 other nursing homes from 31 municipalities. In all, 2,385 individuals were eligible for inclusion; 423 declined participation either personally or through their next of kin, 33 had a serious somatic disease or terminal condition, 17 died prior to assessment, 1 left the nursing home prior to assessment, and 53 were excluded without any specified reason. Thus, the number of participants in 2010/2011 was 1,858.
Measures
NPS were assessed using the Neuropsychiatric Inventory Nursing Home Version (NPI-NH) [33] in a translated and validated Norwegian version [34] . The 10-item inventory covers the following symptoms: delusion, hallucination, euphoria, agitation/aggression, disinhibition, irritability/lability, depression/dysphoria, anxiety, apathy/indifference, and aberrant motor behaviour (no/yes). For each symptom, severity (score 1-3) multiplied by frequency (score 1-4) provides a score from 0 to 12. Based on a previous principal component analysis, psychosis (delusions, hallucination), agitation (agitation/aggression, disinhibition, irritability), and affective (depression, anxiety) sub-syndrome scores were formed by summing the scores of the included items [28, [35] [36] [37] . Apathy/indifference was analysed as a single symptom.
Dementia and severity of dementia were assessed using the Clinical Dementia Rating (CDR) scale, covering 6 domains (memory; orientation; judgment and problem solving; community affairs; home and hobbies, and personal care) with 5 response categories (0, 0.5, 1, 2, or 3) [38, 39] . The total score is calculated using an algorithm that gives priority to memory [38] . Residents with a total score of ≥ 1 were regarded as having dementia. A cut-off CDR score of ≥ 1 defining dementia has been found adequate in previous Norwegian and international studies [40] [41] [42] . The categorical scores indicate the severity of dementia: a CDR score of 1 represents mild dementia, a CDR score of 2 represents moderate dementia, and a CDR score of 3 represents severe dementia. The sum score of the 6 domains (sum of boxes), ranging from 0 to 18, can also be used to measure the severity of dementia, with a higher score indicating more severe dementia. The correlation between the categorical CDR score and the CDR sum of boxes score is high ( ≥ 0.9) [43, 44] . The Spearman correlation between the categorical CDR score and the CDR sum of boxes score in the present study was 0.93. Due to a wider range of values, the CDR sum of boxes offers important advantages when analysing the data [44] .
In both studies, we used the CDR score (CDR score ≥ 1) as an indication of dementia, as it was not possible to perform a standardized dementia workup for all residents because many of them were too frail or mentally impaired to take part in examinations such as CT or MRI. A large number of residents with a CDR score of 3 could not be tested with any dementia tests such as the Mini-Mental State Examination or the clock drawing test.
Psychotropic medications were grouped according to the ATC code into the following categories: antipsychotics (N05A except lithium), antidepressants (N06A), anxiolytics (N05B), hypnotics/sedatives (N05C), and anti-dementia medication (N06D) (yes/no) [45] . The information was collected from the medical record of each resident [30] .
The Personal Activities of Daily Living (P-ADL) score was assessed with the Physical Self-Maintenance Scale, including 6 items, with a total score ranging from 6 to 30 [46] . High scores indicate a lower level of functioning.
Physical health was assessed using the General Medical Health Rating (GMHR) scale [47] . This is a 1-item, global rating scale with 4 categories: good, fairly good, poor, and very poor. The rating was based on all available information on physical health and use of drugs. The scale has been used in large studies including older people with and without dementia [48] and has been translated and used in Norway [49] .
Demographic information such as age, gender, marital status, and length of stay in the nursing home at the time of inclusion in the study was collected from the medical records. The type of unit was also recorded from among the following options: regular unit (RU), special care unit for people with dementia (SCU), rehabilitation unit (REU), and other units (OU), mainly psychogeriatric wards. The length of stay in a nursing home before study inclusion was measured in days.
Procedure
Nurses with wide clinical experience collected the data from both samples. Prior to the data collection, all assessors participated in a 2-day course on how to apply the standardized questionnaires. The nurses collected the data from medical records and a standardized interview with the residents' primary caregivers, all of whom were registered nurses. A pilot study including 41 nursing home residents was carried out prior to the first data collection to assess the inter-rater reliability of the CDR. It was performed between 1 geriatric psychiatrist (GP) and 2 other assessors, a registered nurse (RN) and a nurse specialized in psychiatry (NP). The kappa statistics for the global CDR score were 1 (GP vs. NP) and 0.86 (GP vs. RN and NP vs. RN). More detailed information has been published elsewhere [30] . Information regarding the study was given to the residents and their family members. In 2004/2005, the residents and their next of kin were informed that they could refuse to participate at any stage of the study. In 2010/2011, informed consent was obtained. If a resident lacked the ability to consent, the resident's next of kin signed on behalf of the resident. These procedures were recommended and approved by the Regional Ethics Committee in the south east of Norway, the Data Inspectorate and the Directorate for Health and Social Affairs in 2004 and 2010.
Data Analysis
The data from the nursing homes in this study exhibit a hierarchical structure. Moreover, a proportion of the nursing homes (24 of 66; 36.4%) and some of the participants (90 of 1,163; 7.7%) were included in both samples. Hence, a cluster effect might be present at both the nursing home and the participant level, and statistical methods correctly adjusting for such an effect are needed.
Demographic and clinical characteristics of the two study samples are presented as means and standard deviations (SD), or frequencies and percentages, as appropriate. Between the studies, characteristics were compared using the linear mixed model (SAS MIXED procedure) for continuous data; the logistic or multinomial regression model (SAS GLIMMIX procedure) was used to compare the categorical characteristics. Both types of model contained a fixed effect for characteristics and a random effect for nursing homes.
The outcomes (degree of apathy and agitation, as well as psychotic and affective subsyndromes of NPS) were assessed with a linear regression model for hierarchical data with random intercepts for both nursing homes and participants, with participants nested within nursing homes (SAS MIXED procedure). The modelling strategy was the same for all outcomes. Bivariate regression models with fixed effects for independent variables [year of assessment, age, gender, marital status, severity of dementia (CDR sum of boxes), P-ADL, physical health, use of psychotropic drugs, length of stay in nursing home at inclusion, and type of care unit] were estimated first. Next, multivariate models containing all independent variables as fixed effects were estimated. In addition, the interaction between severity of dementia and year of study was assessed for all outcomes. Interactions were left in the multivariate model only if relevant according to Akaike's information criterion. Only cases with no missing values on independent variables were used in the regression analyses.
The results of the regression analyses are presented as regression coefficients with the corresponding 95% confidence intervals (CI), or standard errors (SE) in the case of a present interaction. To ease the interpretation of an interaction term, the results were tabulated as estimated means with 95% CI and presented graphically. All analyses were performed in SPSS version 22 and SAS version 9.3. p values <0.05 were considered statically significant. All tests were two-sided. ( table 2 ) . There was no time shift in apathy according to the multivariate regression model ( table 3 ) . Lower age, higher CDR sum of boxes score, poorer P-ADL function (higher score), poorer physical health, use of antipsychotics, and use of antidepressants were associated with increased severity of apathy.
Results

In
Agitation
The mean (SD) agitation sub-syndrome score of the residents was 5.8 (8. figure 1 . Lower age, female gender, poorer P-ADL function (higher score), use of antipsychotics, anxiolytics, sedatives, and antidementia medication as well as longer stay in a nursing home were associated with more severe agitation. The agitation was more severe in SCU than in RU in the nursing homes.
Psychosis
The mean (SD) psychosis sub-syndrome score of the residents was 2. ( table 2 ) . There was no time shift in the severity of psychosis according to the multivariate regression analysis ( table 5 ). Higher CDR sum of boxes score, poor physical health, and use of antipsychotics, anxiolytics, and anti-dementia drugs were significantly associated with increased severity of psychosis. The severity of 
<0.001
Anti-dementia drugs 
0.012
Linear regression model for hierarchical data with random intercepts for both nursing homes and participants, with participants nested within nursing homes, were used. Independent variables [year of assessment, age, gender, marital status, severity of dementia (CDR sum of boxes), P-ADL, physical health, use of psychotropic drugs, length of stay in nursing home at inclusion, and type of care unit] were entered as fixed effects. Italics denote significance.
Discussion
NPS were compared between residents from two nursing home studies conducted in the same country during a 6-year interval. There was no time shift in the severity of apathy, psychosis, and affective symptoms, but the severity of agitation was significantly lower in 2010/2011 than in 2004/2005 for residents with CDR sum of boxes scores ≤ 4, and significantly worse in residents with the highest CDR sum of boxes scores (>16). Residents in SCU had more severe agitation and psychosis than residents in RU. A longer duration of stay in a nursing home was associated with more severe agitation and less severe affective symptoms. In addition, more severe dementia, use of psychotropic medication, and somatic health difficulties were associated with more severe NPS. Women had more severe symptoms of agitation and less severe affective symptoms than men.
The environment is known to influence the presence and severity of NPS, including the psychosocial environment and the care given [4, 6] . The present study found that the severity of NPS in two different nursing home samples was quite stable over time, but there was a time shift in the severity of agitation. Even if the Norwegian nursing homes did not undergo any major organizational changes in the follow-up period, it is possible that those with lower CDR scores in 2010/2011 received care which was better adjusted to their needs than did those in 2004/2005. This effect may partially be a result of the introduction of person-centred care in Norwegian nursing homes in the 6-year period [15, 50] . Even if there is an ongoing system change in Norway, we do not have detailed information about the philosophy of nursing practice and person-centred care at the institutions participating in the present study. Stress and strain related to daily routines such as bathing, dressing, and toileting may cause frustration and agitation in patients with limited resources, and person-centred care may reduce such stress and strain [16, 17] . However, this explanation cannot be the only one, because this would imply that the severity of agitation was lower in all residents in 2010/2011 compared to the residents in 2004/2005. Over the past few years, there has been an increased focus on the prescription of psychotropic medication and, particularly, the use of antipsychotic drugs in people with dementia. The change in prevalence of antipsychotic drug use from 2004/2005 (24.1%) to 2010/2011 (16.1%) may also have an important impact on the time shift in agitation. However, this change does not seem to have benefited those with the most severe symptoms. Even though many residents with dementia can have their antipsychotic drugs discontinued without symptom exacerbation, previous studies have indicated that increasing symptoms may be present among those with the most severe symptoms [51] .
SCU for patients with dementia exist within nursing homes. The intention is that a physical environment and care adapted to their disease contribute to reducing the stress and strain that people with dementia experience. In this study, access to SCU was offered to around 25% of the residents, and the coverage did not increase during the 6-year period. However, more than half of the residents had moderate or severe dementia. We found that the severity of agitation and psychosis was higher among residents in SCU. The severity of NPS in these residents is most probably the reason for having offered them a stay in SCU, an explanation that conforms to our clinical experience. Given the nature of this study, however, we cannot rule out the possibility that being in an SCU is an additional, exacerbating factor for the severity of agitation and psychosis.
The duration of stay in a nursing home may influence the prevalence and severity of NPS. Independent of dementia severity, studies have noted that relocation to a nursing home per se increases the risk of affective symptoms [52, 53] . Losses in life and the need to adjust to a new life situation are reasonable explanatory factors for the prevalence [54] and severity of affective symptoms. After some time, the affective symptoms may be attenuated due to residents learning to accommodate to the situation. We also found that residents with a longer nursing home stay had more severe agitation [28] . The nursing home environment is known to be a significant factor in increased agitation [6] . Residents spend a considerable number of daytime hours together in dining and living rooms, so their symptoms may become more severe over time due to the influence of behaviours of other residents with NPS [6] . Future research using approaches such as observational methodologies to study if and how the environmental settings over time can affect NPS would provide explanatory data to help interpret such relationships.
Even if care-and environment-related issues are important in nursing homes studies, factors related to the disease, the use of psychotropic medication, physical health, and demographic conditions must be considered to understand the severity of NPS. The cross-sectional design of the present study showed that residents with higher CDR sum of boxes scores had more severe apathy, agitation, psychosis, and affective symptoms. In line with our findings, a recent 53-month follow-up study of nursing home residents with dementia found more severe dementia at one time point to be associated with more severe apathy, agitation, and psychosis at the same time point [28] . There is as yet no clear consensus on the association between severity of dementia symptoms and severity of affective symptoms [6, [26] [27] [28] [29] , even if NPS generally tend to worsen when the severity of dementia symptoms increases [5, 6, 26] . Thus, the association found between increasing CDR sum of boxes scores and more severe affective symptoms should be interpreted with caution. It has repeatedly been found that the use of psychotropic medication may not have the expected effect on NPS [4] and could have considerable adverse effects [18] . In the present study, use of such medication was associated with a higher severity of NPS. Due to the nature of the study, we do not know whether this is because of lacking or adverse effects of the medication. It could also be that people taking psychotropic medication had had even more severe symptoms prior to drug initiation. Poor physical health, measured by general medical health and P-ADL, was associated with worse NPS in the present study. More pronounced ADL impairment has been linked with NPS in several studies, and in some studies, poorer physical health has been found to be related to a lower prevalence of aggression, but those results are conflicting [6] . Pain, which was not assessed in the present study, may be a confounder. A recent review of 18 studies found pain to be weakly associated with both physical functioning and NPS [55] .
In the present study, we found that women displayed a lower severity of affective symptoms and more severe agitation than men. Some previous nursing home studies have found depression to be more prevalent in men [56] and agitation to be more prevalent in women [7, 50, 57] , but the results are conflicting [6, 58] . The importance of gender for the severity of NPS is less studied than its importance for the prevalence of NPS, and the impact of gender as a basic biologic variable in relation to dementia and dementia-related challenges remains elusive [59] . Also, the impact of age on NPS is inconclusive [6] . It has been reported that aggression [56, 57] and restlessness [60] are more prevalent in younger nursing home residents, while other studies have not found a relationship between age and the prevalence of such symptoms [6] . We found that the younger residents had more severe agitation and apathy.
Our study has significant strengths. Firstly, all nurses participating in data collection took part in a 2-day educational course to secure adequate knowledge and a high data quality prior to collecting the data for this study. Secondly, a large sample size at both time points enabled us to adjust for many potentially important variables, such as health and demographic factors. Thirdly, this study benefits from the inclusion of nursing homes located in a large part of the country. However, we cannot guarantee that the sample is representative of Norwegian nursing home residents, since inclusion was not based on random selection from all nursing homes in Norway. Finally, additional nursing homes from new municipalities were added to the study at the second time point, but statistical analysis was adjusted for a possible cluster effect within nursing homes. Also, a small proportion of the residents participated in the study twice, which was adjusted for in the statistical analyses.
The study has some limitations. Firstly, we did not apply the exact same inclusion procedure at the second collection time point, but we do not consider it likely that we systematically biased the resident sample through a higher proportion of withdrawals of residents in 2010/2011. At this time point, new research regulations in Norway required informed consent -or, in cases where residents lacked the ability to consent, the residents' next of kin had to sign on behalf of the residents before a professional primary care taker could give out resident information [61] . Secondly, it is a limitation that the assessments of dementia and the degree of dementia are based on the CDR evaluation of several assessors, and that a CDR assessment was used and not a standardized dementia diagnosis, including neuropsychological tests. However, the CDR is an accepted assessment tool and commonly used in epidemiological nursing home studies to identify dementia and measure the severity of dementia [43, 62] , and the agreement between the CDR and a diagnostic procedure by the ICD-10 is high [40] . Lastly, we would like to point out that pain, which can be a confounder, was not assessed and that no conclusions about causality can be drawn due to the cross-sectional nature of the study.
Conclusion
The severity of apathy, psychosis, and affective symptoms did 
